Background-Adherence to evidence-based guidelines for treatment of stroke or transient ischemic attack is suboptimal.
quality improvement efforts to reduce disparities in acute stroke care through increased adherence to guideline recommendations. [5] [6] [7] [8] [9] [10] [11] However, publication of national consensus guidelines alone has generally not been sufficient to produce substantial changes in physician behavior or patient treatment. [12] [13] [14] [15] The Get With the Guidelines (GWTG)-Stroke program was developed as a national stroke quality improvement program to address this treatment gap. We sought to establish whether broad hospital participation in the GWTG-Stroke program was associated with improvements in the quality of stroke care beyond those expected on the basis of secular trends and to identify factors that contributed to differences in performance between hospitals. Trained personnel at hospitals were instructed to use GWTGStroke to collect data on consecutive patients admitted to the hospital with a principal clinical diagnosis of stroke or TIA. Case ascertainment of admissions for ischemic stroke or TIA was conducted by prospective clinical identification, retrospective identification with International Classification of Diseases, ninth revision, discharge codes (433.xx, 434.xx, and 436 for ischemic stroke; 435.xx for TIA) followed by chart review to confirm case eligibility, or a combination of both approaches. To ensure that patients assigned a TIA diagnosis truly had deficits caused by ischemia, hospitals were instructed to include TIA patients only if symptoms were still persistent at the time of hospital arrival, symptoms lasted Ͻ24 hours, and no alternative diagnosis was identified.
Methods

GWTG Program Design
Data were collected with the Internet-based Patient Management Tool (Outcome, Inc, Cambridge, Mass). Data were coded, deidentified, and transmitted in a secure manner to maintain patient confidentiality compliant with federal privacy standards. Data were collected for each hospitalization, including patient demographics, medical history, initial head computed tomography findings, inhospital treatment and events, discharge treatment and counseling, and discharge destination. The data collection tool supports concurrent data collection and retrospective data entry; concurrent collection was encouraged as a process improvement goal in each hospital. The data abstraction tool included predefined logic features and user alerts to identify potentially invalid format or value entry. Required fields were structured so that valid data must be entered before the data can be saved as a complete record and entered into the database. Range checks were used for inconsistent or out-of-range data and prompted the user to correct or review data entries that were outside a predefined range. All hospital personnel using the tool received individual passwords to create an audit trail for data entered or changed. Training in the use of the tool was provided online and via telephone for all users. Data collected by hospitals were not independently audited by external chart review.
Each participating institution received either human research approval to enroll cases in GWTG-Stroke without requiring individual patient consent under the common rule or a waiver of authorization and exemption from subsequent review by their Institutional Review Board. The Duke Clinical Research Institute serves as the data analysis center and has an agreement to analyze the aggregate deidentified data for research purposes. Sites received individual data quality reports to promote data completeness and accuracy; no formal external audits were performed. Additional descriptions of the case ascertainment and data collection methods, performance measure descriptions, and quality improvement methodology from the pilot have been previously published 16 and are listed in the online-only Data Supplement.
Quality Improvement
The components of GWTG-Stroke included organizational stakeholder and opinion leader meetings, hospital recruitment, collaborative workshops for hospital teams, hospital tool kits, and hospital recognition. 17 Data collection, decision support, and hospital data feedback via multiple on-demand reports of performance on all key measures were done with the Internet-based Patient Management Tool. Hospitals were recruited to participate in the program by American Stroke Association (ASA) staff and volunteers both by direct contact with all of the acute care hospitals in their region as well by working with state hospital associations and departments of health. Workshops included didactic presentation of clinical trial evidence and the ASA guidelines for acute treatment and secondary prevention of stroke and other major vascular events followed by examples of successful hospital implementation. These workshops were given quarterly by ASA staff and volunteers with expertise in clinical science and quality improvement. Standardized quality improvement methodology based on the Model for Improvement 17 were presented at each session. Simultaneous facilitated breakout sessions, a key part of the GWTG-Stroke workshops, allowed multidisciplinary teams from 6 to 8 hospitals to discuss barriers and potential solutions, to share tools and ideas each has developed, and to share results of their small tests of change. Typical team members included a stroke nurse, a quality improvement nurse, and a physician leader. Each team then developed a plan for testing and implementation and presented their plans to other participants to create a sense of purpose, urgency, and accountability to this developing community of practice. Between workshops, hospital interactions continued via conference calls and e-mail exchanges.
Quality Measures
Measures assessed in this quality improvement program are listed in the online-only Data Supplement. Indicator-specific inclusion and exclusion criteria were applied to create a denominator of patients eligible for each specific indicator. Patients were excluded if insufficient information was available to assess eligibility or if a contraindication was documented as the reason for not providing the intervention. The patients remaining in the denominator reflect those who should with certainty be candidates for the intervention in question.
Seven performance measures and 1 balancing or safety measure (symptomatic intracranial hemorrhage within 36 hours after intravenous thrombolysis [tissue plasminogen activator {tPA}]) were prospectively selected by the GWTG Steering Committee to measure the quality of inpatient stroke care on the basis of a combination of the strength of the evidence, clinical relevance, magnitude of the relationship between performance and outcome, and precision of the definition, its construct and content validity, and its feasibility. All measures reflect the proportion of eligible patients (those without documented reasons for nontreatment) who received the intervention described. Patients with documented reasons for nontreatment are excluded from analysis of each measure. The 7 GWTG-Stroke performance measures are as follows: intravenous tPA in patients who arrive Ͻ2 hours after symptom onset, antithrombotic medication within 48 hours of admission, deep vein thrombosis prophylaxis within 48 hours of admission for nonambulatory patients, discharge use of antithrombotic medication, discharge use of anticoagulation for atrial fibrillation, treatment for low-density lipoprotein Ͼ100 mg/dL in patients meeting National Cholesterol Education Program Adult Treatment Panel III guidelines, and counseling or medication for smoking cessation. In addition, a composite measure score was calculated using the method established by the Centers for Medicare and Medicaid Services in the Hospital Quality Incentive Demonstration Project. 18, 19 This composite score reflects a summary score of performance of all 7 individual performance measures. The composite score is defined as the total number of interventions performed among eligible patients divided by the total number of possible interventions among eligible patients.
Statistical Analysis
Data used for these analyses include baseline and consecutive quarters of participation in the program from April 2003 through July 2007. The compliance for each of the 7 individual performance measures and the composite performance score were calculated at baseline and each consecutive "time in GWTG-Stroke" quarter. For measures with high baseline performance (those exceeding 90%), a relative reduction of failure rate also was calculated with the following formula: (year 5%Ϫbaseline%)/(100%Ϫbaseline%). This formula displays the relative change compared with the limited available opportunity for absolute change in error reduction. The duration of participation in the program, called time in GWTGStroke, was assessed for each hospital in consecutive quarters and reported in years. For each hospital, the baseline period was made up of the first 30 admissions, and each subsequent 91 days were considered a quarter of time in GWTG-Stroke. In addition to program duration, we assessed secular trends based on actual calendar date of patient discharge. Percentages were used for categorical variables and medians with interquartile ranges for continuous variables. The trends over calendar years or time in GWTG-Stroke were assessed with the Cochran-Mantel-Haenszel row-mean score test for categorical variables and the JonckheereTerpstra test for continuous variables. The Cochran-MantelHaenszel is a parametric test sensitive to any difference in means across program quarters, and the Jonckheere-Terpstra test is a nonparametric test that is sensitive to any difference in the distribution of the ordered responses across quarters; both are also sensitive to linear trends.
The primary outcome was the increased use of guideline-based care for each of the individual measures. This was reported for each measure individually and for a composite score. The composite measure was used to summarize quality of care into a single variable for which we then explored the effects of patient-and site-specific variables. A multivariable logistic regression model was developed in which each opportunity contributed an observation. The output of this model was the probability of a care opportunity being fulfilled. Each type of opportunity is weighted equally because each opportunity contributes 1 observation to the model regardless of the measure from which the opportunity is drawn.
This multivariable logistic regression also was used to determine the independent effect of time in the GWTG program on the composite performance score, adjusted for secular trends (ie, calendar time), hospital characteristics, and patient characteristics. It is important to recognize that hospitals joined the program in a staggered manner over the course of the 4 years. Therefore, hospitals joining GWTG-Stroke in 2005 spent their first time in program quarter in a different secular environment than those who joined in 2003. This was the rationale for including the calendar quarter variable as a term in the model. Because hospital enrollment was staggered over time, the time in program and calendar time are not highly correlated (Pearson correlationϭ0.41), allowing the independent effects to be estimated.
Each measure for which a patient was eligible contributed an observation in this analysis, and the outcome was a dichotomized variable with a value of 1 (measure met) or 0 (measure not met) indicating whether the care opportunity was fulfilled. For example, if a patient was eligible for 5 of the 7 performance measures and received 3 of them, this patient would have contributed 5 observations to the analysis data set. The standard generalized estimating equation method was used to account for within-hospital clustering. 20 The hospital calendar quarter and the time in GWTG-Stroke quarter of participation during which the patient was admitted were included as model variables, allowing determination of independent linear trends in composite measure performance. Other model variables included hospital characteristics (ie, US Census region, bed size as a continuous variable, teaching status per American Hospital Association database, and annual number of stroke discharges [0 to 100, 101 to 300, Ͼ300]) and patient characteristics (ie, age, gender, race, body mass index, atrial fibrillation, previous stroke/TIA, coronary artery disease or prior myocardial infarction, carotid stenosis, diabetes, peripheral vascular disease, hypertension, dyslipidemia, and smoking). To determine whether improvements in composite performance were distributed equally across all hospitals subtypes, we next added statistical interaction terms, betweenhospital characteristics (bed size, teaching status, and region), and time in program to the adjusted model. Interactions were deemed significant at the ␣Յ0.05 level.
To determine whether trends in adherence were affected by the performance of hospitals joining or dropping out of the program, a linear regression model was fitted to compare the performance of new hospitals joining the program each quarter (join-in sites) and hospitals that stopped submitting records each quarter (dropout sites) with all other remaining hospitals.
All P values are 2 sided, with values of PϽ0.05 considered statistically significant. All analyses were performed by the statistical division of the Duke Clinical Research Institute using SAS software version 9.1.3 (SAS Institute, Cary, NC).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Over the first 4.25 years of the program (April 2003 to July 2007), 322 847 clinically identified patients with a clinical diagnosis of ischemic stroke or TIA were enrolled from 790 participating hospitals. Patients were excluded from analysis if they were enrolled at sites that admitted Ͻ30 patients (nϭ2093) or at sites for which hospital characteristics were unavailable (nϭ7924). Patients were excluded from individual measures on the basis of the previously defined measure logic. 16 Patient demographics and vascular risk factors are shown in Table 1 and are comparable to those in other large registries of stroke incidence. 21 The median age of the patients was 74 years (interquartile range, 61 to 82 years); 46.1% were men; and 75.1% were white. Of those enrolled, 73.2% presented with ischemic stroke and 26.8% with TIA.
The distribution of hospital characteristics is shown in Table 2 . Academic and community hospitals of all sizes participated in GWTG-Stroke, and average bed size, annual stroke discharge volume, and proportion of teaching hospitals 22 Time in GWTG-Stroke was associated with a clinically meaningful and statistically significant improvement, with absolute increases in the 7 individual measures from baseline to year 5 ranging from 3.20% to 30.75% (PϽ0.0001 for all comparisons) ( Table 3 and the Figure) . For measures with high baseline performance (Ͼ90%), absolute gains were smaller. However, substantial relative percent improvements from baseline to year 5 were observed. Early antithrombotics, discharge antithrombotics, and anticoagulation for atrial fibrillation showed relative reductions in failure rates of 65%, 74%, and 68%, respectively. In addition, a substantial and significant improvement was found in the composite measure score (PϽ0.001) from baseline to year 5 ( Table 3 and the Figure) . Despite increased rates of intravenous tPA use (30.75%), the rate of symptomatic intracerebral hemorrhage among these patients remained low and did not change over the 5 years (range, 4.49% to 5.95%; Pϭ0.41).
Multivariate analysis showed that time in GWTG-Stroke was associated with a 1.18-fold yearly increase in the odds of receiving each performance measure that was independent of secular trends (PϽ0.0001). Patients treated at all types of participating hospitals benefited from time in GWTG-Stroke, including those of different sizes, annual stroke discharge rates, teaching functions, or geographic regions (Table 4) . However, the magnitude of benefit was not equally distributed. The greatest rates of improvement were seen in larger hospitals with more bed capacity, those with the largest annual stroke discharge rates, and those identified as teaching hospitals, as shown in Table 5 .
By January 1, 2007, only 66 of the 790 hospitals included in the analysis had dropped out of the program (8.35% overall; mean, 0.52% per quarter). Sensitivity analyses suggested that the improvements observed in the composite measure were not due to join-in of better performers or dropout of poor performers. Compared with active sites, performance on the composite measure was not different for the join-in (Pϭ0.977) or dropout (Pϭ0.887) sites.
Discussion
This study is among the first to characterize national patterns of stroke and TIA care in the context of contemporary guidelines or to assess the influence of a national stroke quality improvement on a set of predefined performance measures. GWTG-Stroke implementation was associated with substantial and sustained improvements in hospitalbased acute stroke care and secondary prevention across a large cohort of patients and hospitals. This is the largest report to date of acute stroke care among hospitalized patients and confirms the sustainability and generalizability of the improvements observed in the selected cohort of hospitals from the pilot phase of the program. 16 In addition, the analyses suggest that the benefit resulting from participation in the program is independent of secular trends in stroke quality improvement. GWTG-Stroke was associated with sustained and substantial absolute percentage improvements simultaneously in a wide variety of acute stroke care and secondary prevention performance measures over Ն4 consecutive years despite the large number of measures and the diverse nature of the participating hospitals. The study clearly shows the impact of the program on stroke and TIA patients hospitalized at participating sites and has broad implications for the possibility to improve stroke care substantially across the country. It has been estimated that use of intravenous tPA improves the modified Rankin score of functional disability at 3 months by 1 grade in 1 of every 3 patients treated. 23 An increase in the intravenous tPA treatment rate of 30% across the participating sites translates to a substantial expected decrease in functional disability in the population served. If patients continue to adhere to the prevention regimens after discharge, clinical trial data suggest that a substantial reduction in stroke recurrence may also be expected. In addition, even apparently modest increased odds of good care translates to thousands more care opportunities fulfilled when we consider the scope of the program and the number of stroke and TIA patients presenting to hospitals each year. These data also suggest that quality improvement efforts in acute stroke do not need to be limited to only a few domains at a time and that participation is sustainable in the current hospital regulatory and financial climate. In addition, substantial and sustained improvement was also found in the composite measure of performance, reflecting sustained improvement across the sum of all care Significance was assessed by Cochran-Mantel-Haenszel row-mean score test for categorical outcomes and the Jonckheere-Terpstra test for continuous outcomes.
*Teaching status according to the American Hospital Association database. 22 †Annualized number based on all recorded stroke discharges (ischemic, hemorrhagic, and TIA).
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opportunities, not just those that are the easiest to fulfill. The use of the summary score allows us to succinctly describe the impact of various interventions across the spectrum of stroke care. Performance improvement varied across measures, with intravenous tPA use, lipid lowering, and smoking cessation showing the highest absolute percent change (14.66% to 30.75%) and antithrombotic use and anticoagulation for atrial fibrillation showing smaller absolute improvements (3.20% to 5.58%). However, it is worth noting that in these areas where baseline performance was already very high (eg, Ͼ90%), the relative reductions in the failure rates of 65% to 74% suggest substantial improvement.
There have been relatively few large studies of quality of care for patients hospitalized with stroke. An initiative sponsored by the Centers for Medicare and Medicaid Services reported improvements in the use of anticoagulants for atrial fibrillation, antithrombotics at discharge, and avoidance of sublingual nifedipine among Medicare patients admitted with ischemic stroke or TIA. 14 A study among Michigan Medicare beneficiaries suggested that a quality improvement initiative was associated with increased use of brain imaging during hospitalization and in deep venous thrombosis prophylaxis. 24 Preventing Recurrence of Thromboembolic 
*Odds ratio (OR) was adjusted for the patient baseline characteristics set by fitting logistic regression models using generalized estimating equations accounting for within-hospital correlation. CI indicates confidence interval. Events Through Coordinated Treatment (PROTECT) was a single-institution initiative that used tools, protocols, and physician education to significantly improve the provision of stroke secondary prevention therapies, counseling, and education before hospital discharge and to improve adherence at follow-up. 25, 26 The California Acute Stroke Pilot Registry of the Paul Coverdell National Acute Stroke Registry demonstrated that standardized stroke order sets can significantly improve adherence to guideline-based best practices. 2 None of these prior programs were of the size, national scope, or duration of the GWTG-Stroke program. All were limited by either their relatively small number of participating hospitals or their duration of participation. The present GWTG-Stroke study addresses many of these limitations through the large number of enrolled patients (Ϸ322 000) and sites (Ϸ790), Ͼ4-year program duration, use of prespecified evidence-based guidelines, and multivariate modeling to account for secular trends.
Nonetheless, the present study has limitations. Because program participation is voluntary, the observed findings may not be representative of hospitals that chose not to participate. The population in GWTG-Stroke is similar in racial makeup to the global US population, as reflected in the Census 2000 statistics, 27 and has a similar proportion of stroke risk factors compared with other large stroke registries. 21 The average length of stay and in-hospital mortality in GWTG-Stroke were similar to those observed in the 2000 Nationwide Inpatient Sample (length of stay, 5.19 days versus 4.7 days; in-hospital mortality, 4.21% versus 4.09%). 28 Improvements in care delivery were observed across all types of participating hospitals ( Table 4 ), suggesting that the program benefits are likely generalizable to all hospital types.
Data reliability was enhanced by training and continuing education for data abstractors and built-in automated checks to identify erroneous, illogical data entries. Although no formal data reliability studies were performed within this quality improvement program, data reliability was assessed within the Michigan Paul Coverdell prototype, which used a very similar set of data elements during 2002. In that study, Reeves and colleagues 29 found acceptable interrater reliability for most of the data elements.
A secular trend over time in improved stroke care delivery with an odds ratio of 1.14 per calendar year, independent of the timing of participation in GWTG-Stroke, was observed in our data. Reasons for this secular trend are speculative but could include improved physician adherence to published guidelines or improved stroke systems of care, including the formation of certified stroke centers. Even so, we were able to detect improvement associated with time spent in the GWTG-Stroke program that was independent of calendar time, or hospital and patient characteristics. Our study suggests that participation in the GWTG-Stroke program may be an effective method for increasing guideline adherence.
The greatest improvements were observed in larger hospitals with more bed capacity, those with the largest annual stroke discharge rates, and those with teaching functions. We did not study the reasons for this disparity across hospital types, but it has already been shown that for several complex medical conditions such as coronary artery bypass surgery, 30 carotid endarterectomy, 31 and treatment of subarachnoid hemorrhage, 32 mortality rates are lower at hospitals that treat a larger number of cases. Better outcomes at these highvolume hospitals could be due to specialized services or greater physician or staff expertise. Further research is needed to better understand the effects of hospital subtypes and different quality improvement methodologies on stroke performance.
The GWTG-Stroke registry does not yet routinely collect postdischarge outcomes; therefore, we were unable to directly measure the impact of improved quality of care on clinical outcomes such as recurrent stroke or disability. Obtaining long-term outcomes data is challenging and resource intensive, and this additional financial and data burden may be a significant barrier to participation and long-term sustainability of a large national voluntary registry. A separate prospective observational study, the Adherence Evaluation After Ischemic Stroke Longitudinal (AVAIL) Registry, will seek to identify factors relating discharge adherence to long-term health outcomes in a subset of patients discharged from a voluntary cohort of GWTG hospitals. 33 The present study has important implications for public health policy. The data show that focused quality improvement efforts, coupled with data reporting in a structured learning environment, can have dramatic results. This effort is a voluntary, unfunded effort by hospitals interested in improving the quality of care they deliver. Increased support for stroke quality initiatives that produce substantial clinical improvements should translate into significant cost savings in the long run. The proposed adoption by the Centers for Medicare and Medicaid Services of stroke measures into the core measures program, as suggested by the inpatient prospective payment system preliminary update for 2010, has the potential to greatly expand efforts at stroke quality improvement. As a large segment of the population enters the eighth and ninth decades of life, stroke event rates will continue to rise even with improvements in stroke prevention. We must act now to improve hospital-based acute stroke treatment capabilities and secondary prevention strategies, including the certification of hospitals related to acute stroke treatment capability and the standardization of emergency medical service response to stroke. The effort to improve stroke systems of care has been underway for several years. Legislation currently before congress (the STOP Stroke Act) has the potential to accelerate the pace of implementation by providing funding to state agencies to develop and deploy stroke systems of care and to increase access for those most vulnerable populations that are currently underserved. At the hospital level, physicians should move to adopt quality improvement programs such as GWTG-Stroke and request adequate support from hospital administrations to successfully execute the improvement process.
Despite the substantial progress observed in this study, significant opportunity for improvement remains. Even after 5 years, substantial care opportunities among patients discharged from GWTG hospitals remain unfulfilled (Table 3 and the Figure) . Efforts that raise institutional awareness and bring additional financial and human resources to stroke care, including stroke center development or public reporting, may help improve performance. Hospitals should enhance the reliability of their systems of care as they apply to all stroke patients to increase composite rates of care and to address disparities that may be far from ideal even when the rates for adherence on individual measures, or for certain subgroups, are relatively high.
